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The spectrum of liver disease in patients infected with hepatitis C virus (HCV) ranges from minimal lesions in HCV asymptomatic carriers to chronic hepatitis of variable severity, cirrhosis, and hepatocellular carcinoma. Different host and viral factors have been postulated to influence the clinical outcome of the disease. Discrete genomic variations may aVect expression of viral proteins, 1 2 and possibly eYciency of replication. Whether viral load in liver tissue and in the circulation has a role in determining the extent of liver disease is still controversial. [3] [4] [5] [6] Most published studies have considered HCV RNA levels in serum, while less data are available on the amount of viral nucleic acid in the liver and on its relation with viraemia. [7] [8] [9] To assess these issues, we have evaluated serum HCV RNA levels in relation to clinical and histological findings in a large series of patients with chronic hepatitis C; in a subgroup, simultaneous evaluation of viral load was carried out in liver specimens obtained at the same time.
Patients and methods

PATIENTS
Ninety six consecutive patients (58 men, 38 women, mean (SD) age 46.5 (18.5) years) with chronic HCV infection were studied on referral to our unit. All patients were anti-HCV positive by enzyme linked immunosorbent assay (ELISA) and were confirmed positive by RIBA 2 immunoblotting. None of the patients had been previously treated with antiviral drugs or had other potential causes of liver disease, such as alcoholism, autoimmune phenomena, or metabolic disorders. Percutaneous liver biopsy was performed for diagnostic purposes in all patients and in 21, including seven with undetectable serum HCV RNA by polymerase chain reaction (PCR), part of the bioptic fragment was used for histological analysis, while part (median weight 4.2 mg, range 1-9.3 mg) was snap frozen in liquid nitrogen and stored at −80°C for simultaneous quantitative assessment of HCV RNA in the liver and in the corresponding serum sample. Histological diagnosis was consistent with chronic liver disease in all patients. Grading of histological features was performed according to Desmet et al 10 and showed features of minimal chronic hepatitis (CH) in two patients, mild CH in 29, moderate CH in 49, and severe CH/cirrhosis in 16. The liver biopsy specimens were evaluated by one pathologist who was unaware of the clinical, biochemical, and virological data.
LABORATORY TESTS
HBsAg, anti-HBc, and anti-HIV were tested for using commercially available kits. Anti-HCV was detected by second generation ELISA (Ortho Diagnostic, Raritan, New Jersey, USA) and confirmed by immunoblotting (RIBA 2, Chiron Corporation, Emeryville, California, USA).
The level of HCV RNA was determined in serum and liver biopsy samples using a commercially available branched DNA (bDNA) amplification assay (Quantiplex HCV RNA assay, Chiron Corporation). Serum samples negative by the bDNA assay were retested by reverse transcription-polymerase chain reaction (RT-PCR) in order to identify low levels of HCV genomic sequences, not detectable with the above system.
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Qualitative detection of HCV RNA by RT-PCR HCV RNA was determined directly from serum by nested polymerase chain reaction in a single tube assay, after reverse transcription (RT-PCR), using primers derived from the 5' non-translated region (5'-UTR), to reduce chances of cross contamination, as previously described. 12 Briefly, 3 µl of serum was mixed with 11 µl of buVer containing 10 mM Tris-HCl (pH 8.4), 50 mM KCl, 2.5 mM MgCl 2 , 1 mM of the four dNTPs (Boehringer, Mannheim, Germany), 20 U of RNAsin (Boehringer), and 50 pmol of the antisense external primer, and heat treated for 30 seconds at 94°C. After quick chilling, 10 U of murine myeloblastosis virus reverse transcriptase (Gibco BRL, Milan, Italy) was added and incubated for one hour at 37°C. All 15 µl of cDNA was used for the first amplification in a reaction volume of 50 µl containing 10 mM Tris-HCl, 1.5 mM MgCl 2 , 50 mM KCl, 0.2 mM of each dNTP, 2.5 U of Taq DNA polymerase (Boehringer), and 5 pmol of each external primer, and was added to 350 µl of silicone oil (Fluka, Chemika, Switzerland). The second step mixture of 150 µl containing 10 mM Tris-HCl, 1.5 mM MgCl 2 , 50 mM KCl, 0.2 mM of each dNTP, and 50 pmol of internal primers was loaded over the silicone oil. After the first step of amplification consisting of one cycle of one minute at 94°C, one minute at 50°C, and one minute at 72°C, and 25 cycles at 94°C for 45 seconds, 50°C for 45 seconds, and 72°C for 45 seconds, the tubes were centrifuged for one minute at 4000 rpm to precipitate the upper mixture. For the second round of amplification 28 cycles at the above conditions were performed. The amplified products were visualised by ethidium bromide staining after electrophoresis in a 1.5% agarose gel. Water and serum from normal healthy subjects were used as controls. All reagents were treated with ultraviolet light and positive displacement pipettes (Eppendorf, Hamburg, Germany) were used to minimise contamination. Starting with direct amplification of 3 µl of serum, the detection limit of the assay was 10 000 genome equivalents/ml, as reported previously.
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HCV RNA quantitation Serum-HCV RNA was quantitated in serum by a signal amplification test using a bDNA assay based on specific hybridisation of virus RNA present in the sample with synthetic oligonucleotides derived from the 5'-UTR region and core region of HCV RNA, immobilised on a microwell plate (Quantiplex Version 1.0). Synthetic bDNA amplifier molecules and multiple copies of alkaline phosphatase linked probe were hybridised to the immobilised complex and incubated with a chemiluminescent substrate, the luminescent signal being proportional to the level of target nucleic acid. The quantity of HCV RNA in the sample was then determined from a standard curve. The detection limit of this technique has been calculated to be 350 000 viral equivalents/ml (Eq/ml). 11 Each serum sample was run in duplicate using 50 µl of serum per assay and if the coeYcient of variation between the two measurements was greater than 20%, the assay was repeated. In our working conditions this event occurred for only one sample.
Liver-HCV RNA levels were detected in liver specimens after extraction of total cellular RNA using a previously standardised method. 13 Briefly, biopsy samples were weighed and then rapidly homogenised in 8 M cold guanidine hydrochloride and 0.5% sarcosyl using disposable pestles and matched tubes (Kontes Corp., Vineland, New Jersey). RNA in the homogenised samples was selectively precipitated with 0.5× volume 100% chilled ethanol in the presence of 0.2% glycogen, washed once in 70% chilled ethanol, and dried using a rotary vacuum device. The pellet was resuspended in 20 µl of waterdiethylpyrocarbonate with 0.5 µl RNAsin added. A 10 µl aliquot of the precipitate was resolubilised in 330 µl extraction buVer containing proteinase K and sodium dodecyl sulphate (SDS), provided by the manufacturer and directly added to a 96 well plate for bDNA assay, while 10 µl was used for spectrophotometric analysis and quantitation of total cellular RNA.
To validate the working conditions in our laboratory, we have compared the results obtained measuring the wet weight of the liver specimen with those obtained measuring the recovered total cellular RNA. As shown in fig 1, a good correlation (r=0.85) between viral load in the liver expressed as Eq/g of liver tissue or Eq/µg of total cellular RNA was obtained, indicating that in our working conditions the expression of the results per g of liver tissue was adequate, not being influenced by the eYciency of total cellular RNA extraction from each specimen.
Genomic heterogeneity, typical of the diVerent HCV genotypes 14 can aVect the eYciency of hybridisation and consequently of HCV RNA detection with this version of the bDNA assay in the presence of viral sequences other than those of genotype 1, for which the assay was standardised. Therefore, the bDNA results in both serum and liver were corrected for genotype by multiplying by three the values obtained in samples of patients infected with genotype 2, and by two those of patients infected with genotype 3, as suggested. 15 
HCV GENOTYPING
To identify HCV genotypes, we used a dot blot assay, previously standardised in our laboratories 16 in which the products of PCR amplification, immobilised on nylon filters, were hybridised with oligonucleotide probes specific for diVerent HCV genotypes. The probes, derived from the variable sequence of the 5'-UTR (from nucleotide 135 to nucleotide 155), were 3' end labelled with fluoresceindUTP and specific hybridisation revealed by the enhanced chemiluminescent method (ECL, Amersham International, Amersham, UK). Prehybridisation was carried out at 42°C for one hour, followed by a two hour hybridisation at 42°C. Washes were carried out in stringent conditions: twice with 5× saline sodium citrate (SSC), 0.1% SDS at room temperature for 10 minutes; twice with 1×SSC, 0.1% SDS at 56°C for 20 minutes; and once with 0.1×SSC, 0.1% SDS at 56°C for 10 minutes. Hybridised probes were then detected in a two stage process: development of the fluorescein hapten by incubation with an antifluorescein horseradish peroxidase (HRP) conjugate; detection of bound peroxidase using the ECL detection reagents, followed by autoradiography.
STATISTICAL ANALYSIS
The Kruskal-Wallis test for continuous variables and the Spearman test were used as nonparametric statistical methods. To represent levels of viral load in diVerent groups in both serum and liver the box and whisker plot model was used.
Results
Eighty nine patients were HCV RNA positive in serum by PCR of which 52 had detectable levels of HCV RNA by the bDNA assay, which was positive in 72% of patients infected by genotype 1, 44% of those infected by genotype 2, and 21% of those infected by genotype 3. In these patients no correlation was observed between available levels of viraemia and age of the patient (r=0.35) or serum alanine aminotransferase (ALT) activity, determined at the same time (r=−0.03). In addition, as shown in fig 2, no correlation was found between viraemic levels and histological findings (p=0.58), although the limited number of patients with minimal CH did not allow exclusion of the possibility that a low viral burden may exist in a subgroup of patients with very mild CH. Table 1 presents a comparison of HCV RNA measurement in serum and in the corresponding liver biopsy specimen in 21 anti-HCV positive patients. Overall 14 patients were HCV RNA positive in serum by PCR and in nine of them viraemia exceeded the detection limit of the quantitative bDNA assay. Liver HCV RNA was detectable by bDNA assay in 15 patients, including all those with high viraemic levels (greater than 3.5 × 10 5 Eq/ml); in five patients it was positive in serum only by PCR, and in one additional patient HCV RNA could not be detected in serum either by bDNA or by PCR. Figure 3 shows mean virus load in liver in relation to the results of HCV RNA detection in serum. Patients with low viraemic levels, not detectable by the bDNA assay, had mean liver values of HCV RNA lower that those found in patients with viraemic values higher than 3.5 × 10 5 Eq/ml. Mean liver HCV RNA levels were similar in patients infected by HCV 1 (mean (SD) 2037.7 (1964.3) Eq/g) or by HCV 2 (1627.2 (1622.3) Eq/g), while of the two patients infected by HCV 3, one was bDNA negative and the other had 684 × 10 5 Eq/g of HCV RNA in the liver.
Discussion
The polymorphic features of HCV infection are determined by both host and viral factors, although the precise mechanisms are not yet fully identified. Genomic analysis and sequence comparison has allowed the classification of HCV into diVerent genotypes 14 and a preferential association of genotype 1 with more severe forms of liver disease has been described, 17 18 while genotype 2 has been found in the majority of asymptomatic HCV carriers. 19 20 However, in other studies in which large groups of anti-HCV positive patients with chronic liver disease have been studied, no clinical or histological diVerences could be identified among patients infected with diVerent genotypes.
11 21 22 Another parameter that might be related to the pathogenesis of liver damage is viral load. To address this point several quantitative and semiquantitative methods have been devised, their main limitation being the lack of standardisation and, consequently comparison of results is diYcult.
11 23 24 The signal amplification technique has helped to overcome this limitation and the corrected formulation of the results, which takes into consideration the infecting genotype, 15 allows a more precise definition of viral replicative activity. Whether HCV RNA levels detected in serum parallel the amount of virus in the liver is still a matter of debate. 7 8 13 Crucial methodological points are the eYciency of RNA extraction and viral detection conditions. In the present study we have shown that viral load in serum substantially reflects the amount of virus in the liver. Lower levels in liver samples were indeed found in cases in which the corresponding serum HCV RNA was lower than the detection limit of the bDNA assay and, conversely, higher HCV RNA levels in the liver were found in patients with viraemic values above 3.5 × 10 5 Eq/ml. No correlation between viral load and degree of liver injury was found in the present study. Controversial reports have been published on this point; in some studies high titre viraemia was correlated with advanced stage liver disease, 5 25 while others found no correlation with either histology or aminotransferase activities. 26 In addition, in most of the studies in which the intrahepatic HCV RNA level was evaluated, no correlation with liver injury was shown. 7 27 28 It should be noted that the characteristics of the population studied are important variables for the interpretation of the results, since significant diVerences were only observed when extremely diVerent clinical settings were considered, for example, asymptomatic HCV carriers versus end stage liver disease. 5 25 In the present paper the study population included patients with disease severity ranging from mild chronic hepatitis to liver cirrhosis; there were only a few cases with minimal features of hepatitis. It is possible that the wide range in viral load detected in individual patients does not allow identification of any diVerence, unless extreme situations are considered. On the other hand, the putative mechanism of liver injury is not yet fully clarified. While the contribution of a direct cytopathic eVect of HCV to liver damage is still controversial, several lines of evidence, including the existence of chronic HCV infections without clinically overt disease 29 and the detection of diVuse viral antigens in the liver of immunosuppressed transplant patients, 30 indicate that immune mediated mechanisms, already described for hepatitis B virus infection, 31 are likely to play an important role in the pathogenesis of hepatitis C. However, at variance with hepatitis B, where impairment of the virus specific T cell response has been observed, 32 in patients with hepatitis C a valid T cell response to HCV proteins has been detected both in the liver 33 and in the peripheral blood lymphocytes. 34 35 Whether the level of viral load is the result of immune surveillance or whether it acts as an independent variable awaits the development of reliable cell culture systems.
